Three indexes developed originally to assess left ventricular contractile performance were applied instead to the right ventricle (RV) in 11 conscious dogs: the relation between stroke work and end-diastolic volume (EDV), termed the preload recruitable stroke work (PRSW) relation; the end-systolic pressurevolume (ESPV) relation; and the maximum dP/dt (dP/dtm )-EDV relation. The reproducibility, inotropic sensitivity, chronotropic sensitivity, and afterload sensitivity of these RV relations were compared. RV volume was determined with an ellipsoidal shell subtraction model from orthogonal dimensions measured by sonomicrometry. RV transmural pressure was measured with micromanometers. After autonomic blockade, preload was varied by repeated, transient vena caval occlusions before and during partial occlusion of the main pulmonary artery, after release of the pulmonary arterial occlusion, after calcium infusion, and over a range of heart rates induced by atrial pacing. The slope and volume-axis intercept of the PRSW relation were more reproducible (SD/mean, 7.8+33% and 6.2+4.1%, respectively) than the slope and volume-axis intercept of the ESPV relation (10.1+6.7% and 23.0±313%, both p<0.05) or the slope and volume-axis intercept of the dP/dtmax-EDV relation (43.4±70.4% and 153.8+184.6%, both p<0.05). The slope of the PRSW relation increased 32+17% (p<O.OS) after calcium infusion, but the volume-axis intercept did not change significantly. In contrast, the slopes of the ESPV and dP/dtmae-EDV relations did not change significantly after calcium infusion, but the volume-axis intercepts decreased significantly (both p<O.05). Despite a 71±26% increase in mean RV ejection pressure during partial occlusion of the main pulmonary artery, the slopes and volume-axis intercepts of both the PRSW and dP/dtma-EDV relations did not change significantly, but the slope of the ESPV relation increased 45±22% (p<0.05) without significant change in the volume-axis intercept. None of the relations demonstrated significant chronotropic sensitivity. The PRSW relation is the preferred index of RV contractile performance because 1) it is the most reproducible, 2) its slope alone sensitively detects changes in contractile state, and 3) unlike the ESPV relation, it is relatively insensitive to afterload. 
Three indexes developed originally to assess left ventricular contractile performance were applied instead to the right ventricle (RV) in 11 conscious dogs: the relation between stroke work and end-diastolic volume (EDV), termed the preload recruitable stroke work (PRSW) relation; the end-systolic pressurevolume (ESPV) relation; and the maximum dP/dt (dP/dtm )-EDV relation. The reproducibility, inotropic sensitivity, chronotropic sensitivity, and afterload sensitivity of these RV relations were compared. RV volume was determined with an ellipsoidal shell subtraction model from orthogonal dimensions measured by sonomicrometry. RV transmural pressure was measured with micromanometers. After autonomic blockade, preload was varied by repeated, transient vena caval occlusions before and during partial occlusion of the main pulmonary artery, after release of the pulmonary arterial occlusion, after calcium infusion, and over a range of heart rates induced by atrial pacing. The slope and volume-axis intercept of the PRSW relation were more reproducible (SD/mean, 7.8+33% and 6.2+4.1%, respectively) than the slope and volume-axis intercept of the ESPV relation (10.1+6.7% and 23.0±313%, both p<0.05) or the slope and volume-axis intercept of the dP/dtmax-EDV relation (43.4±70.4% and 153.8+184.6%, both p<0.05). The slope of the PRSW relation increased 32+17% (p<O.OS) after calcium infusion, but the volume-axis intercept did not change significantly. In contrast, the slopes of the ESPV and dP/dtmae-EDV relations did not change significantly after calcium infusion, but the volume-axis intercepts decreased significantly (both p<O.05). Despite a 71±26% increase in mean RV ejection pressure during partial occlusion of the main pulmonary artery, the slopes and volume-axis intercepts of both the PRSW and dP/dtma-EDV relations did not change significantly, but the slope of the ESPV relation increased 45±22% (p<0.05) without significant change in the volume-axis intercept. None of the relations demonstrated significant chronotropic sensitivity. The PRSW relation is the preferred index of RV contractile performance because 1) it is the most reproducible, 2) its slope alone sensitively detects changes in contractile state, and 3) unlike the ESPV relation, it is relatively insensitive to afterload. (Circulation Research 1992;70:1169-1179) KEY WoRDs * right ventricle * contractility * pressure-volume relations * stroke work R ight ventricular (RV) contractile performance remains poorly characterized, particularly in vivo, when compared with that of the left ventricle (LV). Estimation of dynamic LV volume by application of an ellipsoidal geometric algorithm to LV dimensions measured continuously by sonomicrometry has facilitated the investigation of LV function in vivo.1-4 The lack of a geometric algorithm for determination of RV volume by sonomicrometry has impeded similar studies of RV function in vivo. Recently, however, an ellipsoidal shell subtraction model for deter-mining RV volume by sonomicrometry was described. 5 The availability of this model permitted the investigation of RV contractile performance described in this report.
Three relations derived from LV pressure-volume loops have been proposed as linear and relatively loadindependent indexes of LV contractile performance: the end-systolic pressure-volume (ESPV) relation6; the relation between stroke work and end-diastolic volume (EDV), termed the preload recruitable stroke work (PRSW) relation3; and the maximum dP/dt (dP/dtm.)-EDV relation.7 Recent evidence suggests that the ESPV relation of the LV is subject to significant variability,8'9 nonlinearity,5 10'11 and afterload sensitivity in vivo. 4, 8, [12] [13] [14] [15] [16] The PRSW and dP/dtmai-EDV relations of The purpose of this study was to characterize RV contractile performance by deriving simultaneously the ESPV, PRSW, and dP/dtm.7EDV relations of the RV from RV pressure-volume loops in conscious dogs. The reproducibility, inotropic sensitivity, chronotropic sensitivity, and afterload sensitivity of these three RV relations were compared.
Materials and Methods Experimental Preparation
Eleven healthy adult dogs (22-42 kg) were anesthetized with halothane (1-2%) and succinylcholine (0.3 mg/kg i.v.) after induction with thiamylal sodium (20 mg/kg i.v.). A left lateral thoracotomy was performed. The pericardium was opened wide. Pulse-transit ultrasonic dimension transducers were positioned across the base-apex major axis (a) and anteroposterior minor axis (b) diameters of the LV and also across the septal-free wall minor axis diameters of both the LV (c) and the RV (d). The positioning of this biventricular orthogonal array of crystals has been described in detail previously. 2 (10 ,ug/kg i.v.) and/or pethidine (2-3.5 mg/kg i.m.) were given as required for postoperative analgesia. After a recovery period of 7-10 days, the hardware was exteriorized from the pouch under 1% lidocaine local anesthesia. Each animal, lying quietly on its right side, was studied in the conscious state 1 hour after light sedation (morphine sulfate, 10 mg i.m.).
Data Acquisition and Experimental Protocol
The ultrasonic dimension transducers were coupled to a sonomicrometer.3 Micromanometer-tipped catheters (model MPC-500, Millar Instruments, Inc., Houston, Tex.), which had been balanced and calibrated simultaneously against a water column, were passed via the implanted silicone catheters to obtain RV, LV, and pleural pressures. Pharmacological attenuation of autonomic reflexes was achieved by intravenous administration of propranolol (1 mg/kg) and atropine (0.2 mg/kg).
Data were recorded under steady-state conditions and during transient vena caval occlusion induced by inflation of the implanted occluder for approximately 10 seconds. After all parameters had returned to their baseline level, transient vena caval occlusion was repeated. After restabilization, the pulmonary artery occluder was partially inflated to achieve a stable increase in RV systolic pressure of at least 50%. After stabilization of all parameters at their new levels, transient vena caval occlusion was repeated while the partial pulmonary arterial occlusion was maintained. After release of both the caval and pulmonary arterial occlusions, time was allowed for all parameters to return to their baseline levels. Caval occlusion then was repeated on two additional occasions. Atrial pacing then was commenced at the lowest rate at which capture could be maintained during caval occlusion. The pacing rate was increased in steps of 10 beats per minute up to 170 beats per minute, and caval occlusion was repeated at each step. After cessation of pacing and a further period of restabilization, transient caval occlusion was performed before and after intravenous infusion of calcium gluconate (15 mg/kg).
At the conclusion of the study, each animal was killed by intravenous injection of potassium chloride under deep barbiturate anesthesia. The heart was excised, and the satisfactory position of implanted hardware was confirmed. After excision of the atria and valve tissue, the RV free wall was separated from the LV, and the volume of each was determined by water displacement. (4) where ESP and ESV are the end-systolic pressure and volume, respectively; Mw, Ees, and Mdp,dt are the slopes of the respective relations; and Vw, V0, and Vdp/dt are the volume-axis intercepts of the respective relations. Linear regression analyses were used because significant nonlinearity of the RV PRSW and ESPV relations had been excluded in a previous investigation. 5 The ESPV relation defined by Equation 3 was described initially as a convenient approximation to the instantaneous pressure-volume relation of the LV at the time (tn,,,) when the slope of that relation reached its maximum value.6 Because the temporal behavior of the instantaneous pressure-volume relation of the RV has been shown previously to differ significantly from that of the LV,19-21 the instantaneous pressure-volume relation of the RV also was determined by linear regression analyses of isochronal data points at 20-msec intervals throughout contraction to determine tin, its temporal relation to end systole defined by the maximal instantaneous ratio of pressure to volume, and any differences between the instantaneous pressure-volume relation at tm.. and the ESPV relation defined by Equation 3 .
Data
Results are summarized as mean±+SD. Variation of the slopes or volume-axis intercepts of the three relations on repeated determinations was assessed by calculating the coefficient of variation (SD/mean) for the four vena caval occlusions performed under control conditions (two before and two after the pulmonary arterial occlusion protocol). The Figure 1 . Data recordings selected from runs of vena caval occlusion before and during partial pulmonary arterial occlusion at matched RV end-diastolic volumes are shown in Figure 2 . The RV pressure-volume loops obtained during these runs are shown in Figure 3 (panels A and B), together with the corresponding PRSW, ESPV, and dP/dt,,1,-EDV relations (panels C, D, and E, respectively). Note that peak RV pressure occurs early during ejection and that the pressure then falls as ejection proceeds. The PRSW selecting the most upward/leftward isochronal line, which was not always the line with the highest slope. In Table 1 , the mean time delay between end diastole and t, defined in this way is given, together with the time delays between end diastole and end systole defined as the time at which the instantaneous ratio of pressure to volume was maximal, the time at minimum RV volume, and the time at peak negative dP/dt, respectively. There was no significant difference between tmax and the time to the maximal instantaneous ratio of pressure to volume, but both occurred significantly earlier than end ejection, whether indexed by the minimum RV volume or peak negative dP/dt (both p<0.05). There was no significant temporal discrepancy between the two indexes of end ejection. The mean slope of the instantaneous pressure-volume relation at t, axwas 1.32±0.51 mm Hg* ml-1, and the corresponding mean volume-axis intercept was 10.1 ± 19.3 ml. These data did not differ significantly from the mean values for Bes (1.20±0.45 mm Hg ml-1) and V0 (9.2±18.3 ml), respectively.
When the four control vena caval occlusion runs were compared to assess the reproducibility of the PRSW, ESPV, and dP/dtma-EDV relations (n=7 dogs) ( The effects of partial pulmonary arterial occlusion (n=8 dogs) on steady-state hemodynamic parameters and the linear regression data for all three relations are summarized in Tables 3 and 4 , respectively. Partial pulmonary arterial occlusion increased RV mean ejection pressure by 71+26%, increased end-diastolic volume, and decreased stroke volume, without changing heart rate significantly. Despite this large increment in RV afterload and consequent reduction in RV ejection fraction from 34±16% to 21±6% (p<0.05), neither the slope, Mw, nor the volume-axis intercept, Vw, of the PRSW relation changed significantly. Similarly, Mdp,dt did not change significantly with increased RV afterload, and the change in Vdp/dS did not achieve statistical significance, although Vdp/dt values were subject to great variability. In contrast to these findings, the slope of the ESPV relation, Ees, increased significantly by 45±22% with increased RV afterload (p<0.05), but V0 did not change significantly (Figure 3) .
The effects of calcium infusion on steady-state hemodynamic parameters (n=7 dogs) are summarized in Table 5 . Representative RV pressure-volume loops obtained under control conditions and after calcium infusion are shown in Figure 5 (panels A and B), together with the corresponding PRSW, ESPV, and dP/dtm.,EDV relations (panels C, D, and E). Regression data for these interventions are summarized in Table 6 . Calcium infusion increased RV stroke volume, mean ejection pressure, and dP/dtmax, but the average ejection fraction did not change significantly because of a small concomitant increase in end-diastolic volume in The effects of altered heart rate on the three relations are summarized in Table 7 , and representative examples are shown in Figure 6 . Increments in heart rate from 130 to 170 beats per minute induced by atrial pacing did not exert any systematic effect on any of the three relations. It should be noted that an apparent trend for the average slopes of the three relations to increase with increasing heart rate in Table 7 is due largely to the smaller number of dogs paced at rates of 130 beats per minute (n=4) and 140 beats per minute (n=8) when compared with higher pacing rates (n=9). The absence of chronotropic sensitivity is more readily apparent in the case of the PRSW relation (Figure 6 ), however, because of the much greater inherent variability of the slopes and volume-axis intercepts of the ESPV and dP/dtm.,c-EDV relations on repeated determinations (Table 2 ).
Discussion
The investigation of LV contractile performance based on interpretation of the pressure-volume diagram has been a fertile field of research over the last 20 years. The ESPV relation, an offspring of the timevarying elastance model of ventricular contraction, has been the dominant index of LV contractile performance during this period, having been proposed initially as a linear and load-independent index.6 More recently, however, attention has been focused on both the nonlinear and afterload-dependent behavior of the ESPV relation of the LV.4,5s810-16
The PRSW and dP/dtm,ai-EDV relations were proposed as alternative linear and relatively afterloadindependent indexes of LV contractile performance that could be derived from the same pressure-volume data used to determine the ESPV relation.3'7 Recently, Little and colleagues'6 determined all three LV relations simultaneously in conscious dogs and compared their variability and sensitivity to changes in inotropic state and afterload. Of these three relations, only the PRSW relation demonstrated no significant nonlinearity. The PRSW relation also was the least variable but least seifsitive index of the LV contractile state, whereas the dP/dtma,-EDV relation was the most sensitive but also the most variable index. While the slopes of all three relations increased when the contractile state was increased with dobutamine, the volume-axis intercepts of both the dP/dtm,,,-EDV and ESPV relations increased also; only the volume-axis intercept of the PRSW relation remained constant. Like many others,48'2-15 Little and colleagues'6 found that the LV ESPV relation was significantly afterload dependent, shifting leftward after phenylephrine administration. In contrast, there was no significant change in the position of either the PRSW or the dP/dtmax7EDV relation with increased LV afterload. When linearity, reproducibility, afterload sensitivity, and stability of the volume-axis intercept were considered, therefore, the PRSW relation appeared to provide the most reliable index of the LV contractile state. 16 The Three previous studies have cast doubt on the applicability of the time-varying elastance model of ventricular contraction to the RV.19-2' Elzinga and Westerhof20 found that isochronal "pressure-volume" relations derived by geometric extrapolation from force-length relations of isolated feline RV trabeculae shifted progressively leftward during the contraction cycle rather than rotating around an approximately constant "volume-axis" intercept as described for the LV.17 Although the authors interpreted this finding as evidence that the time-varying elastance behavior of the LV reflected the complex organization of the muscle fibers in the intact ventricle rather than a fundamental muscle property, they noted that RV myocardium might differ from LV myocardium.20 Qualitatively identical findings of a time-dependent, parallel leftward shift of the human RV instantaneous pressure-volume relation during contraction were subsequently reported. 21 In the latter study, however, the angiographic determination of RV volume and linear regression analyses of only three data points obtained under widely different afterload conditions may have influenced the results obtained, particularly in view of the afterload sensitivity of the RV ESPV relation demonstrated in the present study. In an isolated canine heart preparation, Maughan and colleagues19 also demonstrated a time-dependent leftward shift of the RV instantaneous pressure-volume relation during contraction, but the slope of the relation also increased as a function of time.
The findings of the present study with regard to the RV instantaneous pressure-volume relation are qualitatively similar to those of Maughan and colleagues19 in that we observed both an increase in the slope of the relation and a tendency for the volume-axis intercept to decrease during contraction. In the in situ heart, however, variations in the slope of the relation were quite small after the first 60-80 msec of contraction and the behavior of the volume-axis intercept was too erratic to be described by the simple time-dependent function proposed by Maughan and colleagues19 (Figure 4) .
There is considerable evidence, therefore, to support the conclusion that RV contraction cannot accurately be described by the simple time-varying elastance model proposed initially for the LV.17 Nevertheless, we found that tma defined by the most upward/leftward position of the RV instantaneous pressure-volume relation was concordant with the time at which the maximal RV pressure-volume ratio was obtained during each contraction, and the RV ESPV relation closely approximated the instantaneous pressure-volume relation at tm.. Like other investigators,'921 we found that both tmu and the time of the maximal RV pressurevolume ratio occurred well before the termination of RV ejection (Table 1) . This temporal discrepancy between maximal elastance and end ejection greatly exceeded that reported for the LV'8 and may be appreciated qualitatively by the less rectilinear shape of RV pressure-volume loops (Figure 3) .
RV dP/dtmax consistently preceded the onset of RV ejection in this study, which is a necessary condition for the theoretical derivation of the dP/dtm,,-EDV relation from the time-varying elastance model of ventricular contraction.7 Over the range examined, the dP/dtm.a EDV relation did not appear to be significantly nonlinear, but there was much greater beat-to-beat variability in dP/dtmax than in stroke work or end-systolic pressure (Figures 3, 5, and 6 ). This reflects the magnification of the beat-to-beat variability of the pressure signal caused by differentiation. Given that the LV dP/dtm.a-EDV relation is actually slightly concave toward the volume axis,'6 the RV relation might also have been demonstrably concave if more data had been available in the lower range of dP/dtmax values. This and the lower linear correlation coefficients for the RV relation might explain why Vdp,d, values, which should be equivalent to V0 values theoretically,716 were consistently lower and frequently negative when determined by linear extrapolation. The lower linear correlation coefficients for the RV relation when compared with reported values for the LV relation'6 may be related to the fact that LV contraction contributes significantly to the generation of RV systolic pressure, and this contribution is more evident when the pressure signal is differentiated.2728 This duality of the RV dP/dt signal may confound the assumptions inherent in the derivation of a relation between RV dP/dt.ma and RV end-diastolic volume from the time-varying elastance model.7 In any case, the inherent variability of the dP/dtmax-EDV relation is so great as to limit its practical application as an index of RV contractile performance because multiple determinations of the relation would be required before and after any intervention in a given subject to be certain of the effect exerted by the intervention. The superior reproducibility of the RV PRSW relation, like the LV relation,.1629 derives from the fact that the ordinate (stroke work) is determined by integration over the whole cardiac cycle and diminishes at a much faster rate with preload reduction than either endsystolic pressure or dP/dtma,, resulting in a wider data range for linear regression analysis and necessitating less extrapolation from the measured data to determine the volume-axis intercept ( Figure 3 ). Similar observations have been made recently concerning the confidence with which the LV PRSW, ESPV, and dP/dtm.7
EDV relations can be determined in human subjects over a more limited data range. 30 The advantage of the superior reproducibility of the RV PRSW relation was demonstrated during the atrial pacing protocol, in which the absence of chronotropic sensitivity of the PRSW relation was readily apparent (Figure 6 ). Chronotropic insensitivity of the LV PRSW relation has been documented previously.3 In contrast, the greater variability of the RV ESPV and dP/dtma,-EDV relations on repeated determinations may have contributed to the absence of a statistically demonstrable effect of altered heart rate on these relations. The inotropic sensitivity of the three RV relations was determined in this study by intravenous infusion of a dose of calcium gluconate that was sufficient to cause significant increments in RV stroke volume, mean ejection pressure, stroke work, and dP/dtm,,, yet not sufficient to increase RV ejection fraction significantly (Table 5). Consequently, it can be concluded that all three RV relations are more sensitive indexes of the RV inotropic state than the ejection fraction because all three relations were altered significantly by this inotropic stimulus (Table 6 ). Calcium gluconate was used in preference to dobutamine or epinephrine, for example, because the potent vasoactive properties of the latter agents might have confounded the interpretation of the inotropic responses of the relations examined, particularly in view of the demonstrated afterload sensitivity of the ESPV relation.
As in the LV,16 inotropic stimulation increased the slope of the RV PRSW relation, without change in the volume-axis intercept: thus, the PRSW slope alone is an index of the contractile state in both ventricles. The inotropic responses of the RV ESPV and dP/dtma-EDV relations differed from that of the PRSW relation in that both shifted leftward, without significant change in their slopes. Unfortunately, the potential value of this shift in the volume-axis intercept of either relation as an index of contractile state is diminished by their poor reproducibility (Table 2 ). Maughan and colleagues19 also observed that the volume-axis intercept of the RV instantaneous pressure-volume relation of the isolated canine heart decreased significantly with inotropic stimulation, although this was accompanied by an increase in the slope of the relation. The leftward shift of the RV ESPV relation with inotropic stimulation provides further evidence that RV contractile behavior is not adequately described by the simple time-varying elastance model.17 A similar leftward shift of the LV ESPV relation with inotropic stimulation was reported by Crottogini and colleagues,9 but this differed from the findings of Little and colleagues,16 as outlined above.
As observed in the LV, 6 increased RV afterload did not significantly shift the position of either the RV PRSW relation or the RV dP/dtm,,aEDV relation, despite the fact that RV mean ejection pressure increased by 71%, on average, during partial pulmonary arterial occlusion. It should be noted, however, that the inherent variability of the dP/dtmac-EDV relation may have obscured the effects of afterload on the relation. In contrast to the PRSW relation, the RV ESPV relation was afterload sensitive: the slope increased by 45 ±22%, without significant change in the volume-axis intercept. A leftward shift of the LV ESPV relation with increased LV afterload in situ, whether caused by an increase in the slope or a decrease in the linearly extrapolated volume-axis intercept, or both, has been noted by many investigators in recent years. 4,8"12-6 Given the evidence that the normal LV ESPV relation in situ is actually parabolic (concave to the volume axis),5,1"'6 both sets of observations may be consistent with counterclockwise rotation of the parabolic LV ESPV relation around a relatively constant volume-axis intercept, akin to the increase in the slope of the linear RV ESPV relation without change in the volume-axis intercept.
The prominent afterload sensitivity of the LV ESPV relation in situ contrasts with the relative afterload insensitivity of the LV ESPV relation reported in an isolated heart preparation.12 One possible explanation for this difference is that coronary perfusion pressure increases with increased LV afterload in situ but was held constant in the isolated heart preparation. Abel and ReisM demonstrated that increased coronary perfusion pressure increased LV systolic elastance in the isovolumically beating isolated canine heart. On the other hand, Miller A potential criticism of the investigation of the effects of increased RV afterload on RV performance in this study is that the distortion of biventricular geometry induced by pulmonary arterial constriction might have altered the relation between RV volumes calculated with the ellipsoidal shell subtraction model and actual RV volumes. In a previous validation study of the shell subtraction model,5 however, it was demonstrated that the relation between calculated and actual RV volumes was insensitive to LV volume when the volumes of both ventricles were varied independently over the range from 0 to 60 ml in the canine heart. This validation protocol involved much greater distortions of biventricular geometry (including complete inversion of the interventricular septum when LV chamber volume was zero) than observed in the present study or in two previous detailed studies of the effects of pulmonary arterial constriction on biventricular geometry.2,29 In one of those previous studies,29 for example, peak RV systolic pressure was increased by 140%, on average, during pulmonary arterial constriction, yet the average ratio of the LV septal-free wall dimension/anteroposterior dimension during this intervention (0.80) was not much less than the average ratio observed during vena caval occlusion at matched LV volumes (0.87). Given the lesser magnitude of pulmonary arterial constriction used in the present study (RV mean ejection pressure increased by 71%, on average), it is unlikely that the distortion of biventricular geometry induced would have influenced the calculation of RV volume significantly.
One current limitation of the ellipsoidal shell subtraction model is the necessity to measure RV free wall volume postmortem (see "Materials and Methods"). Although this did not present a problem in the present study, it would prevent application of the model in serial studies of RV function in vivo if changes in RV free wall mass were anticipated. Accurate echocardiographic methods for determining LV wall volume in vivo have been developed,33 however, and similar strategies, although more technically demanding, are potentially applicable to the measurement of RV free wall volume.
In summary, the PRSW relation of the RV, like that of the LV,16 is the most reproducible linear index of the contractile state and is afterload insensitive over a wide range. Because the volume-axis intercept of the PRSW relation is highly reproducible and is not altered significantly by changes in either the contractile state or afterload, its slope alone is an index of the RV contractile state. The time-varying elastance model17 does not provide an accurate description of RV contractile behavior. The RV ESPV relation derived from this model is significantly afterload sensitive and is less reproducible than the RV PRSW relation. Consequently, the ESPV relation is not a reliable index of the RV contractile state. The dP/dtm1,,-EDV relation, though not demonstrably afterload sensitive, is the least reproducible index of the RV contractile state.
